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producing large differences in the degree of imperviousness. The maximum
water-cement ratio permissible under the requirements of durability and
impermeability will generally produce concrete of a much higher average
strength than the specifications for the structure require.

When the essential qualities of durability are present, the resulting strength
of any mix is generally ample to meet ordinary design requirements for
strength. The cement content of any mix should never exceed the minimum
necessary to meet the requirements of durability, impermeability and strength,
because excess cement results in more heat generation, a higher maximum tem-
perature in the concrete, and consequently greater volume change with all
the attendant possibilities of undesirable cracking.

In the following tabulation appears typical mix data taken from mixes
used on construction jobs.

Nat. or mfg. agg.
	Max. size agg. (in.)
	Mix
	Sum of aggregate
	Gravel-sand ratio
	Fineness Modulus sand
	Average slump (in.)
	Water-cement ratio by wt
	Cement content Cbbl/ cu yd)


	
	
	
	
	
	
	
	

Nat.
	8
	1-2.45-7.05
	9.50
	2.88
	2.70
	3.6*
	0.53
	1.02

Nat.
	6
	1-2.7-7.0
	9.70
	2.59
	2.67
	2.25
	0.53
	1.00

Mfg.
	6
	1-3.68-7.55
	11.23
	2.02
	2.88
	2.0
	0.67
	0.90

Nat.
	6
	1-2.51-7.04
	9.56
	2.80
	
	1.75
	0.58
	0.80

Nat.
	4
	1-2.44-7.05
	9.49
	2.88
	
	1.0
	0.53
	1.00

Mfg.
	3
	1-2.58-4.40
	6.98
	1.70
	2.88
	
	0.55
	1.33

Nat.
	2%
	1-2.32-5.68
	8.00
	2.45
	2.71
	5.3*
	0.56
	1.16

Nat.
	2%
	1-2.10-4.70
	6.80
	2.24
	2.75
	4.4
	0.50
	1.32

Nat.
	1H
	1-2.46-4.44
	6.90
	1.80
	2.70
	5.5*
	0.57
	1.29

Mfg.
	IK
	1-2.50-3.40
	5.90
	1.35
	2.88
	
	0.55
	1.50


	1H
	1-2.1-4.2
	6.3
	2.00
	2.72
	5.0
	0.51
	1.40

Nat.
	X
	1-2.20-3.50
	5.70
	1.60
	2.69
	6.1*
	0.56
	1.47

* Average slump at plant, in inches.

The narrow spread in water-cement ratios for these mixes should be noted.
In the absence of any other test data the water-cement ratio may be accepted
as the best indication of the actual quality of concrete. A lower water-cement
ratio than is ordinarily adopted and a lower cement content than is usually
permitted in hydraulic structures will still produce a satisfactory mix, provid-
ing a well-rounded, well-graded aggregate is available. Vibration has con-
tributed more than any other factor in making low water-cement ratios and
low cement contents possible. These refinements, however, contemplate that
the coarse aggregate is graded up to the maximum size practicable to use and
that the highest practicable gravel-sand ratio is also employed, both of which
contribute the minimum surface area to be coated with cement and the
minimum void ratio.

The slump test is the most practicable method yet devised for controlling
workability and maintaining uniformity in the field. Taking everything into